Wnt-1-induced signalling pathway protein-2 (WISP-2)/ connective tissue growth factor/cysteine-rich 61/nephroblastoma overexpressed (CCN)5 is a member of the CCN family of growth factors and was identified as an oestrogen-inducible gene in the MCF-7 cell line. However, the role of WISP-2/ CCN5 in breast carcinogenesis remains unclear. In this study, we examined the mechanism by which oestrogens regulate the expression of human (h) Wnt-1 induced signalling pathway protein (WISP-2)/CCN5. Real-time RT-PCR showed that hWISP-2/CCN5 mRNA transcripts level is upregulated by oestrogens in the oestrogen receptor-positive human breast cancer cell lines MCF-7, T47D and ZR-75 . 1. Cloning of a 1 . 9 kb fragment of the hWISP-2/CCN5 5 0 -flanking sequence and subsequent analysis of potential transcription factor-binding sites identified a functional oestrogen response element site located between K581 and K569 upstream from the oestrogen-induced transcription start site. Transient transfections of MCF-7 cells with the cloned fragment showed that oestradiol caused an increase in reporter gene activity, which was inhibited by anti-oestrogens ICI 182 780 and 4-hydroxytamoxifen. Chromatin immunoprecipitation analysis revealed an oestradiol-dependent recruitment of the oestrogen receptor a to the oestrogen-responsive region of the hWISP-2/CCN5 gene promoter. We also showed that endogenous CREB-binding protein (CBP) and p21 WAF1/CIP1 are recruited to the chromosomal hWISP-2/CCN5 promoter in MCF-7 cells in an oestrogen-dependent manner, suggesting that CBP and p21 WAF1/CIP1 participate in the oestrogen receptor a-mediated transcriptional control of the hWISP-2/CCN5 gene.
Introduction
The human Wnt-1-induced signalling pathway protein-2 (WISP-2/CCN5) gene is located on chromosome 20 q12-q13 . 1 and encodes a protein belonging to the connective tissue growth factor/cysteine-rich 61/nephroblastoma overexpressed (CCN) family of growth factors that shares conserved modular domains and has been implicated in normal physiological and pathological processes (Brigstock 2003 , Rachfal & Brigstock 2005 ). Unlike CCN family members which encompass four structural modules with sequence homologies with insulinlike growth factor-binding proteins (IGF-BP), von Willebrand factor, thrombospondin and cystein knot (CT), WISP-2/CCN5 contains only three structural modules and lacks the CT-domain (Pennica et al. 1998 , Brigstock 1999 . The domain structure of WISP-2/CCN5 suggests that its function may be different from that of other CCN proteins. WISP-2/CCN5 has been identified as being located downstream of Wnt-1 signalling pathway relevant to the transformed cell phenotype in C57MG mouse mammary epithelial cells transformed by Wnt-1 (Pennica et al. 1998) . However, while members of the Wnt signalling pathway have been implicated in the pathogenesis of breast and colon cancer, the rat ortholog of WISP-2/CCN5, rCop-1 was identified as a gene, whose expression became lost after cell transformation (Zhang et al. 1998) . Moreover, WISP-2/ CCN5 was found underexpressed in human colon tumours (Zhang et al. 1998) . The discrepancy between these data raise questions concerning the role of WISP-2/CCN5 in cell proliferation and carcinogenesis particularly in breast cancer. The function of WISP-2/CCN5 as an oncogene or a tumour suppressor may be tissue-specific and could be explained by the way WISP-2/CCN5 expression is modulated in a particular cellular context. Previous studies have demonstrated that the expression of human WISP-2/CCN5 is induced by serum and by oestrogens in the MCF-7 human breast cancer cells (Zoubine et al. 2001 , Inadera et al. 2002 , Banerjee et al. 2003 . Moreover, Inadera et al. (2000) showed that the oestrogen-induced upregulation of human (h) WISP-2/CCN5 was abolished by actinomycin D but not by cycloheximide treatment indicating a direct transcriptional control by oestrogen receptor (ER). Furthermore, the upregulation of WISP-2/CCN5 under oestrogen treatment could be independent of DNA synthesis (Inadera 2003) although it has been demonstrated that hWISP-2 is important for proliferation in MCF-7 cells (Banerjee et al. 2003 (Banerjee et al. , 2005 . Recently, we demonstrated that hWISP-2/CCN5 mRNA transcripts were enhanced by p21 WAF1/CIP1 in MCF-7 cells treated by oestrogens (Fritah et al. 2005) . In these cells, the expression of p21 WAF1/CIP1 induced cell cycle arrest and changes suggestive of mammary differentiation. Taken together, these results suggest that the expression levels of WISP-2/CCN5 may be a marker for breast cancer progression.
Oestrogens regulate the expression of genes involved in a wide variety of biological processes, including growth, differentiation and development in many target organs. Besides, their role in normal mammary cell physiology, oestrogens are also implicated in the development and progression of breast carcinoma. The biological effects of oestrogens are mediated through binding to their receptor proteins ERa and ERb, members of the steroid/thyroid nuclear receptor superfamily (Mangelsdorf et al. 1995 , Delaunay et al. 2000 . Like other members of the superfamily, ER exhibits a modular structure composed of three functional regions: the amino-terminal region containing the transactivation function. AF-1, the DNA-binding central domain (DBD) and the carboxylterminal region that encompasses the ligand-binding domain, dimerization surface and ligand-dependent transactivation function AF-2 (Gronemeyer 1991 . Upon activation by hormone binding, the receptor interacts specifically with a cis-acting DNA sequence called the oestrogen response element (ERE), which is usually located upstream of the promoter and displays enhancer properties. For regulation of gene transcription, ER has to interact with basal transcription factors and RNA polymerase II (Jacq et al. 1994 , Cavailles et al. 1995 , Sabbah et al. 1998 , Wu et al. 1999 . The binding of the hormone to the receptor induces a conformational change in the hormone-binding domain allowing ER to bind co-activators, such as the p160/steroid receptor coactivator (SRC) family, the co-integrators p300/CBP and the p300/ CBP-associated factor p/CAF, enhancing its transactivation potential (Rosenfeld & Glass 2001) . These co-activators function as bridging proteins for the components of the basal transcriptional machinery and/or as histone acetyltransferases that help to overcome the repressive effect of chromatin structure on transcription (Rosenfeld & Glass 2001) . In addition, ER can interact with other DNA-bound transcription factors to influence transcription activation (O'Lone et al. 2004) .
The purpose of the present study is to gain insight into the molecular mechanism underlying the oestrogen-induced transcriptional control of the hWISP-2/CCN5 gene. In this work, we show that hWISP-2/CCN5 mRNA transcripts level is upregulated by oestrogens in the three commonly used oestrogen receptor-positive breast cancer cell lines MCF-7, T47D and ZR-75 . 1. Moreover, we analyzed the hWISP-2/CCN5 gene promoter by using in vitro and in vivo approaches and we report the identification of a functional oestrogen response element involved in the regulation of the hWISP-2/CCN5 gene promoter by oestrogens. This element allows the recruitment of CBP and p21 WAF1/CIP1 by ERa to the chromosomal hWISP-2/CCN5 promoter in MCF-7 cells in an oestrogen-dependent manner.
Materials and Methods

Cell culture
MCF-7, T47D, ZR-75 . 1, SKBr3 human breast cancer cells and HeLa human epitheloid carcinoma cells were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS). MDA-MB-231 and DU4475 human breast cancer cells were maintained in RPMI-1640 medium supplemented with 10% FBS.
Plasmids
The expression plasmids for full length human ERb, human ERa (HEG0) and its fragments (HE19, HE15, HE11) have been described previously (Sabbah et al. 1998) . For the promoter activity assays, the expression plasmid CMV-bgalactosidase was used as internal control for evaluation of the transfection efficiency. The reporter plasmid was Xenopus laevis vitellogenin A2 ERE-TK-Luc (Klock et al. 1987) .
Real-time RT-PCR
MCF-7, T47D, ZR-75 . 1, MDA-MB-231, SKBr3 and DU4475 were grown in phenol red-and hormone freemedium supplemented with 10% dextran-charcoal stripped FBS for 48 h then cells were treated with vehicle, 10 nM 17b-oestradiol (E2) with or without 100 nM ICI 182 780 for 24 h. Total RNA was extracted by using the RNeasy mini-kit (QIAGEN) with DNase I treatment according to the manufacturer's instructions. Then 500 ng total RNA were subjected to reverse transcription with 200 ng random primers (Invitrogen) and ImProm-II reverse transcriptase (Promega) for 60 min at 42 8C, in 20 ml final volume. Two microliters RT reaction were diluted (1:10) and subjected to real-time PCR, using sequence-specific primers (300 nM) and Brilliant SYBR GREEN QPCR master mix on an Mx3000P apparatus (Stratagene). The sequence-specific primers amplified a 99 bp fragment of the hWISP-2/CCN5 target gene and were as follows: hWISP-2/CCN5, upper, 5
To analyze the real-time PCR results obtained, the threshold was set above the no template control background and within the linear phase of target gene amplification to calculate the cycle number at, which the transcript was detected (Ct). Seven housekeeping genes were analyzed and we evaluated the three most stable housekeeping genes (RPL13A, 36B4 and YWHAZ) to normalize the results obtained for the target gene hWISP-2/CCN5 as described in (Vandesompele et al. 2002) . Briefly, gene expression Ct values were transformed to quantities with the highest relative quantities for each gene set to one. The geometric means of the quantities of the three most stable housekeeping genes were used to calculate the normalization factor. The results obtained after normalization represent the relative level of expression of the hWISP-2/CCN5 mRNA transcripts among the six different cell lines tested. In parallel, the RT-PCR products obtained after 33 cycles of amplification of the hWISP-2/CCN5 gene and the molecular marker Phi-X 174 Hae III (Invitrogen) were resolved and analyzed on 3% agarose gel electrophoresis.
Determination of the transcription start point
To determine the transcription start point, we applied the rapid amplification of 5 0 cDNA end (RACE) procedure with the oligocapping method by using GeneRacer kit (Invitrogen) according to the manufacturer's instructions with 5 mg total RNA isolated from MCF-7 cells, treated for 48 h with vehicle or 10 nM E2 with or without 100 nM ICI 182 780. PCR were performed by using the RACE outer gene-specific primer 5 0 -CTCTGCCAAGAGGCACAGGG-3 0 and the RACE inner gene-specific primer 5 0 -AGACGTGGAGTTGGTC-GCAGG-3 0 . The amplified fragments were resolved by agarose gel electrophoresis and cloned into the pCR4Blunt-TOPO vector (Invitrogen) for sequencing analysis.
Cloning of the hWISP-2/CCN5 gene promoter region and construction of hWISP-2/CCN5 gene promoter reporter plasmids A pair of gene-specific primers, D-1919: 5 0 -CACCGGCC-CAGCTGTATTTC-3 0 and R6: 5 0 -GCAGAGCCAGCTT-TGAGCCT-3 0 was designed to amplify the hWISP-2/CCN5 gene promoter region (K1919 to C13) from genomic DNA isolated from MCF-7 cells by using platinum Pfx DNA polymerase (Invitrogen). The PCR-generated fragment was purified by agarose gel electrophoresis and cloned into the pCR4Blunt-TOPO vector (Invitrogen). The hWISP-2/CCN5 gene promoter region was sequenced. Four synthetic luciferase reporter gene plasmids were constructed by inserting PCR fragments into the KpnI and BglII sites of the luciferase reporter pGL3-Basic vector (Promega). These PCR fragments were generated from the hWISP-2/CCN5 gene promoter region cloned into the pCR4Blunt-TOPO vector (Invitrogen) by using the common reverse primer The template for mutagenesis was the luciferase reporter plasmid WISP-2/CCN5 D-1919. Point mutations were created by using PCR-based oligonucleotide-directed mutagenesis by using Quick Change II site-directed mutagenesis kit (Stratagene) and a primer containing two-point mutations in the ERE of the hWISP-2/CCN5 gene promoter 5 0 -GaTCACACCCAtC-3 0 to yield the WISP-2/CCN5 D-1919 mERE. PCR-generated fragments were sequenced. The WISP-2/CCN5 ERE-TK-Luciferase reporter plasmid was constructed by inserting the double-stranded oligonucleotide 5 0 -TTGCTCTGG-GTCACACCCACCTCTGGGTG-3 0 corresponding to the K581 to K569 region of the hWISP-2/CCN5 gene promoter into the BamHI and HindIII sites of the K105 pTKFLuc reporter vector (kind gift from Dr F Gouilleux).
Transient transfection
For the promoter activity assays, MCF-7, HeLa and MDA-MB-231 cells were plated in six-well plates in phenol red-free medium supplemented with 10% dextran-charcoal stripped FBS, 24 h prior to transfection. DNA was introduced into the cells by using FuGene 6 transfection reagent (Roche Molecular Biochemicals). After overnight incubation, cells were treated with 10 nM E2 with or without 100 nM ICI 182 780, 100 nM 4-hydroxytamoxifen or ethanol vehicle (0 . 01%) and harvested 24 h later for the determination of luciferase and b-galactosidase activities.
Western-blot
Proteins from MCF-7 and MDA-MB-231 cells were extracted by using NTEN lysis buffer (0 . 5% NP40, 20 mM Tris-HCl pH8, 1 mM EDTA and 150 mM NaCl). Then, 50 mg protein extracts for each sample were separated by SDS-PAGE and transferred to nitrocellulose membranes. The membranes were blocked with saturating buffer for 1 h at room temperature followed by incubation with appropriate antibodies overnight at 4 8C. Immunoblot analysis were performed by using antioestrogen receptor a (Ab-15, NeoMarkers, Fremont, CA, USA), anti-oestrogen receptor b (ab16813, Abcam, Cambridge, UK), anti-phospho-oestrogen receptor a-directed against S118 (NL44, Upstate, Biotechnology Inc., Lake Placid, NY, USA) and anti-actine (I-19, Santa Cruz, Biotechnology, Santa Cruz, CA, USA). Membranes were then washed and incubated with horseradish peroxidase-conjugated secondary antibodies for 2 h. Membranes were washed extensively and developed with an enhanced chemiluminescence kit (ECL, Amersham Pharmacia).
Gel retardation assay
Gel retardation assays were performed as previously described (Sabbah et al. 1996) . The following double-stranded oligonucleotides for hWISP-2/CCN5 ERE: 5 0 -TTGCT-CTGGGTCACACCCACCTCTGGGTG-3 0 , hWISP-2/ CCN5 mERE: 5 0 -TTGCTCTGGATCACACCCATCT-CTGGGTG-3 0 and Xenopus laevis vitellogenin A2 ERE: 5 0 -CAAAGTCAGGTCACAGTGACCTGATCAAA-3 0 were used.
Chromatin immunoprecipitation (ChIP) assay
MCF-7 cells were grown in phenol red-free DMEM supplemented with 5% dextran-charcoal stripped FBS for three days and then treated for 45 min with vehicle or 100 nM hWISP-2/CCN5 transcriptional regulation by ERa . A FRITAH and others 615
E2. ChIP assays were performed largely as previously described (Fritah et al. 2005) . Briefly, a small portion (1%) of the crosslinked, sheared chromatin solution was saved as input DNA and the remainder was used for immunoprecipitation by using specific anti-ERa antibody (AER-311; Upstate), anti-CBP antibody (A-22; Santa Cruz) or anti-p21 antibody (SX118; Pharmingen, BD Biosciences, Lincoln Park, NJ). Immunoprecipitated DNA was deproteinized, precipitated by ethanol and resuspended in 30 ml water. Then 2 ml DNA were subjected to PCR (30 cycles) by using the following primers pair for hWISP-2/CCN5 gene promoter amplification: upper, 5 0 -TGTTGTGCCTCCAGCTCCTG-3 0 ; lower, 5 0 -GGTT-TCTGGCAGGCAGATT-3 0 .
Results
hWISP-2/CCN5 expression is induced by oestrogens in ER-positive human breast cancer cell lines
It has been reported that hWISP-2/CCN5 expression is induced by oestrogens in the MCF-7 cell line (Inadera et al. 2002 , Banerjee et al. 2003 , Fritah et al. 2005 . We wondered whether oestrogens regulate hWISP-2/CCN5 expression in two other ER-positive human breast cancer cell lines: T47D
and ZR-75 . 1. For this purpose, we evaluated the hWISP-2/ CCN5 mRNA level by real-time RT-PCR. The results show that the hWISP-2/CCN5 mRNA transcripts are induced by oestradiol to the same extent in the MCF-7 and T47D cell lines (about fourfold) and to a greater extent in ZR-75 . 1 cell line (sevenfold) (Fig. 1A) . The oestrogen-mediated increase of the hWISP-2/CCN5 mRNA transcripts level in the three cell lines is antagonized by ICI 182 780, a pure oestrogen antagonist, confirming the specificity of the induction ( Fig. 1A and B) . In parallel, we analyzed the effects of oestrogens on the hWISP-2/CCN5 mRNA level in three ER-negative human breast cancer cell lines MDA-MB-231, SKBr3 and DU4475. As expected, the hWISP-2/CCN5 mRNA transcripts are not induced by oestrogens in these cell lines ( Fig. 1A and B ). We note a very low level of hWISP-2/ CCN5 mRNA transcripts in the MDA-MB-231 cell line ( Fig. 1A and B) . These results show that oestrogens induce hWISP-2/CCN5 expression in the three commonly used ER-positive human breast cancer cell lines MCF-7, T47D
and ZR-75 . 1.
Analysis of the human WISP-2/CCN5 gene promoter
To identify the transcription start point of the hWISP-2/CCN5 gene, RACE analysis with the oligocapping method was performed on total RNA isolated from MCF-7 cells treated with vehicle or oestradiol with or without ICI. Because the oligocapping method specifically labels the capped end of the mRNA, the 5 0 end of the PCR amplicon was assumed to be the transcription start point of the gene. The amplification of two PCR products with a major one (indicated by an arrow in Fig. 2) were obtained from MCF-7 cells treated with oestradiol compared with MCF-7 cells treated with vehicle (Fig. 2) . The amplification of the major PCR product obtained upon oestradiol treatment is abolished when MCF-7 cells are co-treated with ICI contrary to the second one, which is amplified in the same extent (Fig. 2) . After cloning of the oestrogen-induced PCR product, the nucleotide sequence of the 5 0 flanking region of the coding sequence of hWISP-2/CCN5 was determined for both strands. This analysis leads to the identification of one major transcription start point located at 21 bp upstream from the first adenine residue of the translation initiation codon (Fig. 3) . However, other transcription start sites exist and might be used by the gene to induce its transcription as suggested by our results and by the determination of full length sequences for hWISP-2/CCN5 mRNAs found in the NCBI database. We analyzed the sequence of the hWISP-2/ CCN5 promoter region next to the major transcription start point and found that it lacked canonical TATA-box or TATA-like motif. We conclude that hWISP-2/CCN5 is a TATA-less gene but initiates transcription from one major site under oestrogen treatment, in MCF-7 cells. The major transcription start point maps to a TC(A C1 )AAGC motif. This is homologous to the initiator consensus sequence of PyPy(A C1 )N(T/A)PyPy (Javahery et al. 1994 , Lo & Smale 1996 . By using the TRANSFAC database, a closer inspection of the hWISP-2/CCN5 promoter sequence further upstream, revealed the presence of a number of potential-binding sites which might be implicated in oestrogen signalling as one putative ERE-binding site, two ERE half-binding sites, three AP1-and Sp1-binding sites. Moreover, it revealed the presence of six putative T-cell factor (TCF)-binding sites which might be implicated in the wnt-1 signalling pathway and one nuclear factor-kappa B (NF-kB)-binding site and one CRE-binding site, which might be implicated in the regulation of hWISP-2/CCN5 expression by serum (Fig. 3) .
Induction of the hWISP-2/CCN5 gene promoter by oestrogens can be selectively blocked by antagonists and requires the presence of the wild-type ERa
To examine whether the hWISP-2/CCN5 gene promoter did indeed confer oestrogen inducibility, we measured the WISP-2/CCN5 D-1919 promoter activity in the MCF-7 cell line. We found that oestradiol upregulates hWISP-2/CCN5 promoter activity four-to fivefold compared with untreated control (Fig. 4A) . To determine the specificity of the oestrogen induction of the hWISP-2/ CCN5 gene promoter, we tested whether two oestrogen antagonists, 4-hydroxytamoxifen and ICI 182 780 could block this response. ICI 182 780 is a pure oestrogen antagonist which blocks both ER-transactivating functions AF-1 and AF-2. In the presence of 4-hydroxytamoxifen, a mixed agonist/antagonist, the receptor transactivates through the AF-1 domain, while the AF-2-transactivating domain of ER is blocked in MCF-7 cells. The results show that neither of these two antagonists stimulated the hWISP-2/CCN5 gene promoter activity (Fig. 4A) . Furthermore, addition of these antagonists simultaneously with oestradiol completely blocked the oestrogen-induced stimulation (Fig. 4A) . These results indicate that the induction of the hWISP-2/CCN5 gene promoter requires agonist-activated ER.
There are two distinct subtypes of ER so to compare the ability of ERa and ERb to regulate the hWISP-2/CCN5 gene promoter, we used the ER-negative cell line MDA-MB-231. Upon oestradiol treatment, ERb induces the hWISP-2/CCN5 promoter luciferase construct (twofold) but to a lesser extent than ERa (3 . 5-fold) (Fig. 4B ).
Transfection efficiency of ERa and ERb in MDA-MB-231 cells was confirmed by western blot analysis (Fig. 4C ). Phosphorylation at Ser 118 is associated with activation of ERa and can be potentiated by oestradiol (Chen et al. 2000 (Chen et al. , 2002 so the activity of ERa was confirmed by determining phosphorylation at Ser 118 in ERa-transfected MDA-MB-231 cells. Phosphorylation of ERa is detected in ERa-transfected MDA-MB-231 cells (Fig. 4C ). Then we evaluated the effect of oestradiol on phosphorylation at Ser 118 in MCF-7 and ERa-transfected MDA-MB-231 cells. Oestradiol induces ERa phosphorylation in MCF-7 cells as previously described (Chen et al. 2000 (Chen et al. , 2002 , whereas no change is observed in ERa-transfected MDA-MB-231 cells (Fig. 4C) . These results showing a differential effect of oestradiol on ERa phosphorylation are in agreement with those obtained in the same human breast cancer models with EGF (Banerjee et al. 2005) . Since, ERa is the predominant endogenous isoform in MCF-7 cells, we wanted to gain insight into which domains of ERa are implicated. For this purpose, we tested the effects of truncated mutants of ERa (Fig. 4D ) on oestrogen-induced activation of the hWISP-2/CCN5 gene promoter activity, in the ER-negative HeLa cell line (Fig. 4E) . Previous work has established that each of these truncated mutants of ERa is expressed at comparable levels from these vectors (Kumar et al. 1987) . Exogenous ERa (HEG0) induces the oestrogen upregulation of the WISP-2/CCN5 D-1919 promoter activity (Fig. 4E) . HE19, which contains the DBD, the ligand-binding domain and the hormone-inducible transactivating function AF-2, was inefficient at stimulating transcription from the hWISP-2/CCN5 gene promoter, whereas it was an efficient inducible activator from the Final PCR products were resolved and compared with the DNA ladder Phi-X 174 Hae III by using 2% agarose gel electrophoresis. The major oestrogen-induced PCR product obtained is indicated by an arrow.
Xenopus laevis vitellogenin A2 ERE-TK-Luc used as control (Fig. 4E) . HE15, which contains the DBD and the constitutively active domain AF-1 but lacks the ligandbinding domain, was inefficient at stimulating transcription from both promoters (Fig. 4E) . The receptor DBD is also necessary for oestrogen action as deletion of this domain (HE11) abolished the induction (Fig. 4E) . Similar results were obtained by using the MDA-MB-231 cell line (Fig. 4F) .
Collectively, these results demonstrate that the DBD is required and both AF-1 and AF-2 have to cooperate to obtain the full oestrogen induction of the hWISP-2/CCN5 gene promoter activity. Figure 3 Nucleotide sequence of the hWISP-2/CCN5 gene promoter region. The transcription start point is denoted as C1 and the initiator motif (Inr) is in bold case and underlined. The first nucleotides corresponding to the coding region are in bold case. The numbers shown to the left are relative to the transcription start point. Sequences for the three putative AP1-binding sites, the putative NF-kB-binding site, the six putative TCF-binding sites, the three putative Sp1-binding sites, the two putative half ERE-binding sites, the putative ERE-binding site and the putative CRE-binding site are denoted and underlined.
The ERE motif in the hWISP-2/CCN5 promoter confers oestrogen inducibility
To identify the oestrogen-responsive region in the hWISP-2/CCN5 gene promoter, we generated serial deletion constructs (Fig. 5A) . The deleted reporter constructs were transfected into MCF-7 cells. The oestrogen-induced activity of the WISP-2/CCN5 D-808 was only partially affected as 80% of the maximal induction observed for the WISP-2/CCN5 D-1919 was conserved (Fig. 5B) , although it appeared that this deletion reduced the basal activity of the hWISP-2/CCN5 gene promoter. In contrast, additional deletions prevented oestradiol induction of both constructs WISP-2/CCN5 D-520 and WISP-2/CCN5 D-422, while restoring the basal activities of both constructs to the same extent as for the WISP-2/CCN5 D-1919 (Fig. 5B) . We conclude that the K808 to K520 region is responsible for the oestrogen stimulation. Since, one putative ERE (5 0 -GGTCACACCCACC-3 0 ) resides in this region, we hypothesized that this site was the most potent to confer oestrogen upregulation to the hWISP-2/CCN5 gene promoter. In agreement with this hypothesis, we generated mutation of the ERE motif by site-directed mutagenesis with an oligonucleotide containing two-point mutations (5 0 -GaTCACACCCAtC-3 0 ) reported to lead a loss of oestrogen responsiveness for the Xenopus laevis vitellogenin A2 ERE-TK-Luc, in transient transfection assays (Klock et al. 1987 , Sabbah et al. 1991 . Mutation of the ERE site in the WISP-2/CCN5 D-1919 totally prevented the oestradiol induction of the hWISP-2/CCN5 gene promoter (Fig. 5C ). These results demonstrate that the presence and the integrity of the ERE are necessary to confer oestrogen inducibility to the hWISP-2/CCN5 gene promoter. To determine if the ERE identified is sufficient to confer oestrogen stimulation, we constructed a WISP-2/CCN5 ERE-TK-Luc plasmid to test the capacity of the WISP-2/CCN5 ERE to drive the transcription of an heterologous promoter. The construct was introduced into MCF-7 cells treated with oestradiol or vehicle. The results obtained show that oestradiol upregulates the activities of both the WISP-2/CCN5 ERE-TK-luc (three-to fourfold) and the WISP-2/CCN5D-1919 (fourto fivefold) (Fig. 5D) . Together, these results suggest that although the motif identified here (5 0 -GGTCA-CACCCACC-3 0 ) is imperfect when compared with the consensus sequence (5 0 -GGTCANNNTGACC-3 0 ) it is a functional oestrogen response element by itself responsible for the oestrogen-induced stimulation of the hWISP-2/ CCN5 gene promoter.
ERa associates with the ERE identified in the hWISP-2/ CCN5 gene promoter in vitro
To assess the ability of ERa to interact with the ERE identified in the hWISP-2/CCN5 gene promoter, we performed gel retardation assays. 32 P-labelled oligonucleotides corresponding to the K589 to K561 region of the hWISP-2/CCN5 gene promoter were incubated with increasing amounts of purified recombinant baculovirusexpressed human ERa (HEG0). The results show a dosedependent formation of higher order protein-DNA complexes (Fig. 6, lanes 1-3) . The complexes formed were supershifted with a specific antibody to the human ERa, confirming that they contained ERa (Fig. 6, lane 4) . Competition experiments indicated that a 500-fold molar excess of the same unlabelled oligonucleotide or unlabelled oligonucleotide containing the sequence of the Xenopus laevis vitellogenin A2 ERE displaced the retarded bands observed with the labelled oligonucleotide (Fig. 6, lanes 5-6) , whereas a 500-fold molar excess of the WISP-2/CCN5 mutated ERE unlabelled oligonucleotide did not compete for the association of ERa with the labelled wild-type WISP-2/ CCN5 ERE-containing oligonucleotide (Fig. 6, lane 7) . Moreover, we failed to detect any higher order protein-DNA complexes when incubating 32 P-labelled mutated ERE oligonucleotide for hWISP-2/CCN5 with HEG0 (Fig. 6, lanes 8-9) . The bands observed in gel retardation assays reflect a highly specific binding of the ERa to the ERE we identified, confirming the implication of this motif in the oestrogen regulation of the hWISP-2/CCN5 gene promoter. (C) 50 mg proteins extracted from MDA-MB-231 cells transfected with vectors expressing ERa, ERb or the empty vector were separated by SDS-PAGE and transferred to nitrocellulose membranes. Membranes were blotted with antibodies directed against ERa, ERb, phospho-ERa (P-ERa S118) and actin (Act). Proteins, 50 mg, extracted from MDA-MB-231 cells transfected with vector expressing ERa or from MCF-7 cells treated or not with 10 nM E2 were separated by SDS-PAGE and transferred to nitrocellulose membranes. Membranes were blotted with antibodies directed against phospho-ERa (P-ERa S118) and actin (Act). 
Endogenous p21
WAF1/CIP1 and CBP participate at the ERamediated transcriptional control of the hWISP-2/CCN5 gene in MCF-7 cells To address the question whether endogenous ERa is recruited to the hWISP-2/CCN5 gene promoter in vivo, we performed a chromatin immunoprecipitation assay by using an ERa-specific antibody. The recruitment of endogenous ERa to the hWISP-2/CCN5 gene promoter was examined in MCF-7 cells after a 45 min oestradiol treatment. The results show that oestradiol induces a significant increase in ERa occupancy of the K808 to K536 region of the hWISP-2/CCN5 gene promoter containing the ERE (Fig. 7) . The presence of ERa in the absence of stimulation by oestradiol can be attributed to the binding of ERa to DNA in vitro and in vivo even in the absence of ligand (Sabbah et al. 1991 , Shang et al. 2000 , Reid et al. 2003 . As expected, we did not observe any significant increase in ERa occupancy of the coding region of the hWISP-2/CCN5 gene as negative control (Fig. 7) . In addition, chromatin immunoprecipitation assay performed using non-immune IgG as control failed to show any 1 2 3 4 5 6 7 8 9 Figure 6 ERa associates with the ERE identified in the hWISP-2/CCN5 gene promoter in vitro. Gel retardation assays were performed by using 32 P-labelled oligonucleotides corresponding to the K581 to K569 region of the wild-type hWISP-2/CCN5 gene promoter (lanes 1-7) or the same region containing the mutated ERE (mERE) (lanes 8-9) incubated with increasing amounts of HEG0 (lanes 1-7, 8-9 ). Anti-ERa antibody, H222 (Abbott Laboratory), were used to supershift the ERa-containing complexes, lane 4. Specificity of the complexes was also determined by using a 500-molar excess of cold DNA as follows: wild-type hWISP-2/CCN5 ERE oligonucleotides (lane 5), Xenopus laevis vitellogenin A2 EREcontaining oligonucleotides (Vit ERE) (lane 6), hWISP-2/CCN5 mERE oligonucleotides (lane 7). Results shown are representative of three independent experiments. amplification of the hWISP-2/CCN5 gene promoter region containing the ERE (Fig. 7) . These results show that endogenous ERa is recruited to the hWISP-2/CCN5 gene promoter in an oestrogen-dependent manner.
Previously, we showed that the oestrogen-induced expression of the hWISP-2/CCN5 and progesterone receptor mRNA transcripts in MCF-7 cells was enhanced by p21 WAF1/CIP1 (Fritah et al. 2005) . Moreover, chromatin immunoprecipitation assays revealed that endogenous p21 WAF1/CIP1 was recruited simultaneously with ERa and CBP to the endogenous progesterone receptor gene promoter in an oestrogendependent manner. To determine whether endogenous p21 WAF1/CIP1 and CBP act directly on the hWISP-2/CCN5 promoter, we performed chromatin immunoprecipitation assays by using specific antibodies to p21 WAF1/CIP1 and CBP. We observed the oestrogen-induced recruitment for endogenous CBP and p21 WAF1/CIP1 in a manner similar to the recruitement of ERa on the hWISP-2/CCN5 gene promoter (Fig. 7) . As for ERa, we did not detect any significant increase in CBP or p21 WAF1/CIP1 occupancy of the coding region of the hWISP-2/CCN5 gene (Fig. 7) . We can conclude that endogenous p21 WAF1/CIP1 and CBP are recruited concomitantly to ERa in an oestrogen-dependent manner to the hWISP-2/CCN5 gene promoter suggesting that p21 WAF1/CIP1 and CBP participate at the ERa-mediated control of the hWISP-2/CCN5 gene expression in MCF-7 cells.
Discussion
Oestrogens are decisive actors responsible for the proliferation and differentiation of normal mammary epithelial cells, as well as for progression of breast cancer. Oestrogens regulate the expression of many target genes but in fact few genes are known to be directly induced by the association of liganded ER-to ERE-containing binding sites. In the present study we demonstrate that the oestrogen-induced expression of hWISP-2/CCN5, a member of the CCN family of growth factors, is mediated through the interaction of ERa with a functional oestrogen response element present in the hWISP-2/CCN5 gene promoter. Furthermore, we show that endogenous CBP and p21 WAF1/CIP1 are recruited simultaneously to ERa in an oestrogen-dependent manner to the hWISP-2/CCN5 gene promoter.
We focused our attention on the oestrogen-induced activation of the hWISP-2/CCN5 gene promoter by the ERa subtype since ERa is dominant in both breast epithelial cells and in breast cancer. However, we observed an oestrogen-induced activation of the promoter with ERb. We showed that the integrity of ERa is necessary to mediate the effects of oestrogens in the context of the hWISP-2/CCN5 gene promoter. In fact, the results obtained favoured a predominant role for the AF-2-transactivating domain of ERa although the presence of the transactivating domain AF-1 is necessary, as well as the DBD, to induce the activation of the hWISP-2/CCN5 gene promoter. This was not observed in the Xenopus laevis vitellogenin A2 ERE-TK-Luc context as HE19 mutant was an efficient inducible activator. The presence of the transactivating domain AF-1 may contribute to maintain a specific conformation of ERa which is necessary for AF-2 to play its role in transactivating the hWISP-2/CCN5 gene promoter by oestrogens. This may be explained by favouring the selective recruitment of co-activators implicated in the oestrogen regulation of hWISP-2/CCN5 expression.
The presence of the DBD has also been determined as a requirement for the oestrogen-induced activation of the promoter suggesting that ER may interact directly with the hWISP-2/CCN5 gene promoter. The consensus ERE is 5 0 -GGTCANNNTGACC-3 0 based on the oestrogenresponsive sequence in the Xenopus laevis vitellogenin A2 promoter but only a fraction of the known mammalian oestrogen-responsive palindromic EREs reflects this consensus, instead consisting of variations on this sequence. This is the case for the ERE present in the hWISP-2/CCN5 gene promoter. The importance of the hWISP-2/CCN5 putative site as a functional ERE was established as follows: (i) deletion or mutation of this element abolished the oestrogenic response of the remaining hWISP-2/CCN5 gene promoter fragment; (ii) the oestrogen receptor association to this DNA Figure 7 Endogenous p21 WAF1/CIP1 and CBP participate in the ERa-mediated transcriptional control of the hWISP-2/CCN5 gene in MCF-7 cells. Crosslinked, sheared chromatin from MCF-7 cells treated with vehicle or saturating levels of E2 for 45 min, was immunoprecipitated with the indicated specific antibodies. Immunoprecipitated DNA was deproteinized, precipitated by ethanol and resuspended. Then DNA was analyzed by PCR, by using primers to amplify the hWISP-2/CCN5 promoter region containing the identified ERE or the coding region of the hWISP-2/CCN5 gene as negative control. Results shown are representative of three independent experiments. element was demonstrated in vitro by using gel retardation assay and in vivo by using chromatin immunoprecipitation assay. The hWISP-2/CCN5 ERE sequence identified here resembles the human complement 3 ERE1 but the contribution of this sequence in the oestrogen upregulation of the human complement 3 and the way liganded ER interacts with it are different (Fan et al. 1996) . We show that hWISP-2/CCN5 ERE is necessary and sufficient to confer oestrogen-induced activation to the hWISP-2/CCN5 gene promoter, contrary to human complement 3 ERE1, which is only part of the DNA elements required for maximal inducibility by oestrogens. Moreover, we show that ERa can interact with the hWISP-2/CCN5 ERE forming high affinity protein-DNA complexes, which is not the case for human complement 3 ERE1. These observations and our results contribute to reinforce the role of the oestrogen response element as an allosteric modulator of ER conformation, which can account for the specific regulation of oestrogen target gene expression (Wood et al. 1998 , Gruber et al. 2004 . Furthermore, the ERE motif identified here is conserved in the mouse WISP-2/CCN5 gene promoter region, located at about 300 bp upstream from the first adenine residue of the translation initiation codon. This argues in favour of the biological relevance of the identified ERE sequence in the regulation of WISP-2/CCN5 expression by oestrogens. On other hand, the putative regulatory binding sites present in the promoter (AP-1, Sp-1, half EREs, TCF, NF(B, CRE) and others not yet identified could be implicated in the regulation of WISP-2/ CCN5 gene expression. This question needs to be further investigated in order to determine if they can participate at the modulation of hWISP-2/CCN5 gene expression in human breast epithelial cells, as well as in other cellular contexts.
Recently, we demonstrated that p21 WAF1/CIP1 selectively controls the transcriptional activity of ERa in MCF-7 cells treated by oestrogens (Redeuilh et al. 2002 , Fritah et al. 2005 . The results of chromatin immunoprecipitation assays showed that endogenous CBP and p21 WAF1/CIP1 are recruited concomitantly to ERa on the hWISP-2/CCN5 gene promoter in MCF-7 cells. The fact that CBP and p21 WAF1/ CIP1 participate at the ERa-mediated transcriptional control of the hWISP-2/CCN5 and progesterone receptor genes in the same way reinforces the gene-specific action of p21 WAF1/ CIP1 attributed in its specific target gene promoter recruitment. In turn, since p21 WAF1/CIP1 is involved in negatively regulating cell cycle progression by inducing growth arrest (Harper & Elledge 1996) , and supported by the fact that hWISP-2/CCN5 was demonstrated as being a growth arrestspecific gene in normal human vascular and uterine smooth muscle cells (Lake et al. 2003 , Mason et al. 2004a , we can hypothesize that hWISP-2/CCN5 could function as a downstream effector of p21 WAF1/CIP1 in human breast epithelial cells. Indeed, there is a significant correlation between p21 WAF1/CIP1 immunoreactivity and well-differentiated histological grade in ERa-positive breast carcinoma (Oh et al. 2001) . We showed that hWISP-2/CCN5 expression is induced by oestrogens in the T47D and ZR-75 . 1 cells contrary to the results obtained by Inadera et al. who observed no oestrogen-induced expression of hWISP-2/ CCN5 in either of these cell lines (Inadera et al. 2002) . However, in line with our results showing that hWISP-2/ CCN5 expression is induced by oestrogens in ER-positive breast cancer cell lines, a significant correlation between hWISP-2/CCN5 and ERa positivity in human breast cancer samples has been established (Banerjee et al. 2003) . In addition to oestrogen responsiveness of WISP-2/CCN5 in breast cancer tissue, it has recently been demonstrated that WISP-2/ CCN5 expression changes during the menstrual cycle and is positively regulated by oestrogens in the non-tumourigenic rat endometrium, endometrial glands and myometrium, in vivo (Mason et al. 2004b) . This is analogous to the situation in the artery wall, in which endothelial and smooth muscle cells express WISP-2/CCN5 (Lake et al. 2003) . It has also been shown that, while hWISP-2/CCN5 is expressed in the non-tumourigenic human myometrium it is deficient in leiomyomas suggesting that loss of WISP-2/CCN5 expression may account, at least, in part for tumourigenesis (Mason et al. 2004a) . On the other hand, WISP-3/CCN6, which belongs to the WISP sub-family, was associated with tumour suppressor function in inflammatory breast cancer (Kleer et al. 2002) . Collectively, these informations argue for a potential role of WISP-2/CCN5 in oestrogen-dependent tissue and particularly the implication of WISP-2/CCN5 in breast tumourigenesis needs to be further investigated.
